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Description

The present invention relates to water-based paint compositions, a painting method and paint films; more narrowly,
it relates to water-based paint compositions suitable as primers of plastic material, and particular polypropylene ma-
terial, to a method of painting them, and to their paint films.

Plastic materials are popular as industrial materials for automobiles and household electrical appliances. Polypro-
pylene materials in particular are among the materials most in demand because have good chemical and physical
properties, are light and low priced, and moreover are easy to recycle, etc.

However, because polypropylene materials have low polarity and crystallinity, paint films do not readily adhere to
them, and in normal painting special pretreatment is necessary.

As the above pretreatment, flame treatment, corona discharge treatment, treatment by exposure to ultraviolet
radiation, plasma treatment and painting with special primer can be cited; but flame treatment is a fire hazard, and
corona discharge treatment, ultraviolet irradiation and plasma treatment are not very popular either, for reasons such
as the fact that treatment uniform treatment of material in complex shapes is difficult, and that the costs of equipment
are considerable, etc.; and the adherence of paint films is generally ensured by painting with a special primer. In the
automobile industry, painting with special primers of this type is generally carried out as follows.

Firstly, the polypropylene material is degreased and cleaned in 1,1,1-trichloroethane vapour and then dried. The
special primer is painted onto this polypropylene material, it is dried naturally or force dried, and then the topcoat paints
are painted onto the surface of the primer, heated and cured to form a completed paint film on the material.

The role of the special primer here is to ensure adherence with both the polypropylene material and the topcoat
paint film. Consequently, special primers include as an essential component polyolefin resin with a high affinity for the
polypropylene material in order to confer adhesion to the polypropylene material, and adherence to the topcoat paint
film is ensured by further introducing polar groups into this polyolefin, and if necessary using it mixed with a polar resin.
An example of such specialised primers are primer compositions made up of epoxy resin and chlorinated polyolefin
resin modified with an acid anhydride, known in Japanese Examined Patent 63-50381.

However, the polyolefin resins which are essential resin components in prior special primers have quite high mo-
lecular masses, and are not readily soluble in organic solvents, so primers adjusted to a viscosity suitable for painting
contain a large quantity of organic solvent, and a large quantity of organic solvent is released into the atmosphere
during painting. Consequently, there is a risk of fire, and problems with deterioration of the working environment and
atmospheric pollution are produced.

Similarly, the 1,1,1-trichloroethane which is employed for degreasing and cleaning polypropylene materials de-
stroys the ozone layer, and its use is restricted; hence, new degreasing and cleaning methods are being investigated,
and the switch over to these new methods has already begun. The new methods are largely water washing methods
using acid or alkaline detergents.

However, whereas the method using 1,1, 1-trichloroethane, besides cleaning the surface of the material, acts to
swell the material and etch the surface, which contributes considerably to adhesion between the special primer and
the material, the new methods are weak as far as this sort of action is concerned, and switching to the new methods
invites a decrease in adhesion between special primers and the material. This lowering of adhesion affects particularly
the petrol resistance and water resistance of the paint film, and means that the paint film becomes prone to blistering
and peeling. Various methods are available for testing the petrol resistance of paint films; particularly rigorous are tests
of petrol resistance in which the coating is immersed in a liquid mixture of petrol and alcohol.

Under such circumstances, water-based paints which allow a considerable decrease in organic solvent use com-
pared with solvent-based paints, are desirable as primers for polypropylene materials, and moreover, primers are
needed which can form excellent paint films after degreasing and cleaning using water, without the need for degreasing
and cleaning with 1,1,1-trichloroethane.

In Japanese Unexamined Patent [Kokai] 3-124779, Japanese Unexamined Patent 3-182534 and Japanese Un-
examined Patent 4-72337 (EP-A-0 466 136), water-based paint compositions are disclosed in which water-compati-
bilised modified polyolefin resin and urethane resin are the main resin components. However, paint films formed from
these water-based paint compositions have the problem that they have inferior petrol resistance, water resistance and
humidity resistance on polypropylene materials degreased and cleaned by washing in water.

The purpose of the present invention is to solve the problems above, and to offer water-based paint compositions
which, besides being excellent in adhesion to plastic material and allowing degreasing and cleaning by washing in
water, form paint films excellent in water resistance, humidity resistance and petrol resistance, together with a method
of painting them, and paint films formed by them.

As the result of concerted studies on the theme above, the present inventors discovered that by employing water-
compatibilised modified polyolefin resins, water-compatibilised acrylic resins and water-compatibilised polyurethane
resins within specific ranges, satisfactory water-based paint compositions can be obtained. They also discovered that
for applications in which petrol/alcohol resistance is required, by making the paint film a cured paint film, water washing
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without employing 1,1, 1-trichloroethane was applicable as a method for degreasing and cleaning polypropylene. As
the result of further studies on cured paint films, they also discovered that various functional groups could be introduced
more readily into acrylic resin than into the other resins; and by combination with water-soluble or water-dispersible
water-based crosslinking agents causing crosslinks with these functional groups, many forms of crosslinking reaction
could be employed, enabling paint design to meet a wide range of paint film forming conditions.

The present inventors have perfected the present invention based on these insights. Thus, the present invention
is the following water-based paint compositions its use, a method for coating it, and paint films formed from it.

(1) Water-based paint compositions characterised in that the resin component contains resins chosen from

(A) water-soluble or water-dispersible modified polyolefin type resins which are water-compatibilised modified
polyolefin resins modified with an o, B-unsaturated carboxylic acid, of a saponification value of 10-60 mg KOH/
g, a number average molecular mass of 4000-30,000. and a degree of chlorination in the range 0-30 wt%, and

(B) water-soluble or water-dispersible acrylic resins which are water-compatibilised acrylic resins with a glass
transition temperature of -50 to +20°C, and

(C) water-soluble or water-dispersible polyurethane resins which are water-compatibilised polyurethane resins
of a break elongation in the range 200-600% at 20°C, in which, in the total quantity of resin -solids, the pro-
portion of Component (A) is 25-70 wit%, the sum of Component (B) and Component (C) is 30-75 wit%, and the
ratio by weight of resin solids of Component (B) and Component (C) is Component (B)Component (C) =
100/0-50/50.

(2) Water-based paint compositions of (1) above, characterised in that Component (B) has at least 1 type of func-
tional group chosen from a group comprising carboxyl groups, carbonyl groups, epoxy groups and hydroxyl groups,
and that the equivalent weight of functional groups in Component (B) is in the range of 500-2000 g/Equivalent
weight, and that it contains in addition to Component (A)-(C) a further water-soluble or water-dispersible curing
agent which reacts with the aforementioned functional groups.

(3) A painting method characterised in that a water-based paint composition of (1) or (2) above is painted onto a
plastic material, and dried or cured/dried.

(4) Paint film characterised in that it is obtained by painting a water-based paint composition of (1) or (2) above,
and drying or curing/drying.

(5) Use of the above-mentioned water-based paint composition as primers for plastic materials.

In the present specification "water-based" means that resins, hardeners or paints, etc., are in a state in which they
can dissolve or disperse stably in water, or are dissolved or dispersed in water*.

Similarly "water-compatibilised" here means that resins, etc., are made into an water-based state.

First each of the components employed in the present invention will be explained.

Modified polyolefin resins employed in the present invention are polyolefin resins modified with o, B-unsaturated
carboxylic acids or acid anhydrides, and if necessary also chlorinated.

As pre-modified polyolefin resins, resins comprising a resin skeleton in which olefin monomers and/or diene mon-
omers are the primary structural monomers, such as polypropylene, ethylene/propylene copolymers, ethylene/propyl-
ene/diene copolymers, polybutadiene, styrene/butadiene block polymers and their hydrogenated forms, and styrene/
isoprene block polymers and their hydrogenated forms, etc., can be cited.

Preferred modified polyolefin resins have a number average molecular mass of in the range 4000-30,000, and
preferably 9000-23,000. If number average molecular mass is less than 4000, adhesion to plastic materials, and par-
ticularly propylene materials, and petrol resistance, bending resistance and impact resistance will be lowered. Anumber
average molecular mass exceeding 30,000 is undesirable, because water-compatibilisation becomes difficult.

As o,B-unsaturated carboxylic acids or anhydrides thereof for modifying the polyolefin resins, maleic acid (anhy-
dride), citraconic acid (anhydride) and itaconic acid (anhydride), etc., can be cited, and maleic anhydride can be used
to particular advantage.

Modification can be performed by a method such as graft polymerizing the o, 3-unsaturated carboxylic acid to the
polyolefin resin, etc.

The degree of modification can be indicated by saponification value, and modified polyolefin resins having a sa-
ponification value in the range 10-60 mg KOH/g, and preferably 18-55 mg KOH/g. If the saponification value is less
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than 10 mg KOH/g large quantities of surfactant will be needed in making the modified polyolefin resin water compatible;
and if the saponification value exceeds 60 mg KOH/g the resin will become highly hydrophillic, lowering the water-
resistance of the paint film.

If necessary, the modified polyolefin resin can also be chlorinated. Chlorination can be performed at any point
before, after, or at the same time as modification with an o, 3-unsaturated carboxylic acid or anhydride thereof. In this
case, the degree of chlorination of the resin employed will be in the range 0-30 wit%, and preferably 20-27 wi%. If the
degree of chlorination exceeds 30 wit%, adhesion to plastic material, and particularly polypropylene material, bending
resistance and impact resistance will be lowered.

As the modified polyolefin resin, 1 type can be employed on its own, or 2 or more types can be employed in
combination.

In order to water-compatibilise such modified polyolefin resins, they can be reacted with ammonia or an amino
compound such as a primary-tertiary amine to form a salt.

As amino compounds, tertiary amines such as triethylamine, tripropylamine, tributylamine, dimethylethanolamine,
triethanolamine and pyridine, etc., secondary amines such as dipropylamine, dibutylamine, ethanolamine and piperi-
dine, etc., and primary amines such as propylamine, butylamine, ethanolamine and aniline, etc., can be employed; but
tertiary amines can be usedto particular advantage. The quantity of ammonia or amino compound employed is desirably
in the range of 0.5-3.0 mol, and preferably 0.8-2.5 mol, to 1 mol of the modified polyolefin resin being water-compati-
bilised.

If necessary surfactants can also be employed to water-compatibilise the modified polyolefin resin. As surfactants,
nonionic surfactants such as poly(oxyethylene) monoalkyl ethers, poly(oxyethylene) monoalkylaryl ethers and poly
(oxyethylene) monoalkyl esters, etc., and anionic surfactants such as poly(oxyethylene) alkylaryl sulphate salts, alky-
laryl sulphate salts and alkyl sulphate salts, etc., can be employed. As for the quantity of surfactant employed: usually
a quantity in the range of 10 wt% or less, and preferably 2.5 wt% or less, relative to the dry weight of modified polyolefin
resin, is desirable. If more than 10 wi% is used the water-resistance of the paint film will tend to be lowered.

Acrylic resins which can be employed in the present invention have a glass-transition point in the range -50°C to
+20°C, and preferably -50°C to 0°C. With a glass transition point lower than -50°C the surface of the paint film becomes
noticeably tacky, and if it exceeds +20°C, the impact resistance and bending resistance of the paint film will be lowered.

As monomers constituting the acrylic resin, alkyl ester derivatives of (meth)acrylic acid with 1-18 carbons such as
methyl (meth)acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, hexyl (meth)acrylate, octyl
(meth)acrylate and stearyl (meth)acrylate, etc., styrene and styrene derivatives such as o, -methylstyrene and p-vinyl-
toluene, etc., unsaturated monomers containing sulphonic acid groups such as sulphoethyl (meth)acrylate, sulphopro-
pyl (meth)acrylate and sulphobutyl (meth)acrylate, etc., unsaturated monomers containing phosphoric acid groups
such as mono(meth)acryloyloxyethyl acid phosphate and mono(meth)acryloyloxypropyl acid phosphate, etc., and also
(meth)acrylonitrile, acrylamide, vinyl acetate and vinyl chloride, etc., can be cited.

Functional groups can be introduced into acrylic resin more easily than into the other components (A) and (C)
employed in the present invention; and by making curable paints, using a resin into which such functional groups have
been introduced in conjunction with a curing agent, the petrol resistance of the paint film, and particularly petrol/alcohol
resistance, can be raised. As functional groups, carboxyl groups, carbonyl groups, epoxy groups and hydroxyl groups,
etc., can be cited.

Examples of unsaturated monomers containing functional groups include monomers containing carboxyl groups
such as (meth)acrylic acid and their macromer products of Michael addition, itaconic acid (anhydride) and maleic acid
(anhydride), etc., monomers containing carbonyl group such as acrolein, diacetone acrylamide, vinyl ethyl ketone and
acetoacetylethyl (meth)acrylate, etc., monomers containing epoxy groups such as glycidyl (meth)acrylate, 3,4-epoxy-
cyclohexyl (meth)acrylate and allyl glycidyl ether, etc., and monomers containing hydroxyl groups such as 2-hydrox-
yethyl (meth)acrylate, hydroxypropyl acrylate and hydroxybutyl acrylate, and caprolactone addition compounds of
these monomers containing hydroxy! groups, etc.

As for the content of monomers containing functional groups, the equivalent weight of functional groups in the
acrylic resin should be adjusted to be within the range 500-2000 g/Equiv., and preferably 500-1600 g/Equiv. With a
functional group equivalent weight of less than 500 g/Equiv., the curing of the paint film will proceed too far and flexibility
will be lowered; and if it exceeds 2000 g/Equiv. hardening will be inadequate and benefits in terms of raised petrol/
alcohol resistance will be small.

Acrylic resins can be made by emulsion polymerisation, and can also be made by solution polymerisation in a
usual organic solvent. By adopting the alternative of emulsion polymerisation, the manufacture and water-compatibi-
lisation of the polymer can be performed at the same time. Emulsion polymerisation also has the advantage, in addition
to the fact that water-compatibilised acrylic resin be made directly, that very high molecular mass acrylic resins which
are difficult to make by solution polymerisation can be easily obtained; and it is the preferred method.

There are no particular restrictions as to the method for emulsion polymerisation, and methods using usual sur-
factants, or soap-free emulsion polymerisation employing reactive surfactants or protective colloids, can be employed.
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The quantity of surfactant employed is desirably in a range of 5 wi% or less, and preferably 2 wit% or less, of the total
quantity the unsaturated monomer components of the acrylic resin. If it exceeds 5 wi%, the water-resistance of the
paint film will tend to be decreased. Polymerisation initiators can also be used in emulsion polymerisation; examples
include organic peroxides, inorganic peroxides, azo-type polymerisation initiators and redox type polymerisation initi-
ators, etc. Of these, water-soluble inorganic peroxides, for example ammonium persulphate, potassium sulphate and
sodium persulphate can be employed to particular advantage.

Emulsion polymerised particles can be homogenous particles made up a homogenous unsaturated monomer
component, or they can be core/shell particles using 2 types of monomer components differing in composition in which
one is a core component and the other is a shell component. As an example of a method for forming core/shell particles,
the unsaturated monomer mixture making up the core component can be added dropwise to an aqueous phase in
which a surfactant is dissolved, directly or after emulsification with the use of a small quantity of surfactant, to form the
polymer particles which will constitute the core; and then the unsaturated monomer mixture making up the shell com-
ponent can be added dropwise to the aqueous phase, directly or after emulsification using a small quantity of surfactant,
to form a shell layer covering the core particles. In the case of the method above, polymerisation initiator components
are preferably added to the aqueous phase separately with each of the unsaturated monomer components.

The emulsion polymer particles can be internally crosslinked particles made by employing multifunctional unsatu-
rated monomers as part of the monomer component, for example esters of a polyfunctional alcohol with (meth)acrylic
acid such as diethylene glycol di(meth)acrylate, decane-1,10-diol di(meth)acrylate and trimethylolpropane triimeth)
acrylate, etc., and divinylbenzene, diallyl phthalate and diallyl terephthalate, etc. A quantity of multifunctional monomers
of less than 5 wi%, and preferably less than 2 wit%, in the total quantity of unsaturated monomers is desirable; if
upwards of 5 wt% is used, the paint-film-forming capacity of the paint will tend to be lowered.

When the acrylic resin is made by a method other than emulsion polymerisation, water compatibilisation can be per-
formed by using ammonia or an amino compound, and if necessary also using a surfactant, as in the case of the
aforementioned modified polyolefin resin.

As polyurethane resins employed in the present invention, those which give a dry film with a break elongation in
the range 200-600%, and preferably 200-500%, at 20°C can be used. With a break elongation of less than 200%,
impact resistance and bending resistance will be lowered; and if it exceeds 600% the surface will become noticeably
tacky.

As such polyurethane resins, macromolecular resins synthesised from multifunctional isocyanate compounds and
chain extension agents having at least 2 active hydrogens in the molecule are preferred.

As the above multifunctional isocyanate compounds, multifunctional isocyanate compounds such as diisocyanate
compounds, for example hexane-1,6-diisocyanate, lysine diisocyanate, isophorone diisocyanate, cyclohexane-1,4-di-
isocyanate, xylylene diisocyanate, trilene-2,4-diisocyanate and trilene-2,6-diisocyanate, etc., and their adducts, biuret
forms and isocyanurate forms, etc., can be employed.

As the aforementioned chain extension agents, low-molecular weight diol compounds such as ethylene glycol,
propylene glycol, butane-1,4-diol, neopentyl glycol, furandimethanol, diethylene glycol, triethylene glycol and tetrae-
thylene glycol, etc., and polyether diol compounds made by addition polymerising these with ethylene oxide, propylene
oxide and tetrahydrofuran, etc., polyester diols having terminal hydroxyl groups, obtained from these diol compounds
and dicarboxylic acid and their anhydrides such as succinic acid (anhydride), adipic acid (anhydride) and phthalic acid
(anhydride), etc., polyvalent alcohols such as trimethylolethane and trimethylolpropane, etc., amino alcohols such as
monoethanolamine, diethanolamine and triethanolamine, etc., diamino compounds such as ethylenediamine, propyl-
enediamine, butylenediamine, hexamethylenediamine, phenylenediamine, toluenediamine, xylenediamine and iso-
phoronediamine, etc., and also water, ammonia, hydrofuran and dibasic acid hydrazides, etc., can be cited.

The employment as part of the aforementioned chain extension agent of a dihydroxyalkanoic acids, for example
2,2-dimethylpropionic acid [sic], to introduce carboxyl groups into the polyurethane resin, or the employment of a di-
hydroxyamine addition compounds with an addition reaction product of a diisocyanate compound and a poly(oxyeth-
ylene) monoether, for example a compound obtained by reacting diethanolamine with a half-blocked compound ob-
tained by reacting trilene diisocyanate and poly(oxyethylene) monomethyl ether, to introduce poly(oxyethylene) mo-
noether chains into side-chains of the polyurethane resin, is preferred since it facilitates the water-compatibilisation of
the polyurethane resin.

The water-compatibilisation of the polyurethane resin can be performed as in the case of the aforementioned
modified polyolefin; for example using ammonia or an amine compound and if necessary a surfactant to water-com-
patibilise a polyurethane resin made to a high molecular weight by means of multifunctional isocyanate compounds
and chain-extension agents, or using ammonia or a amine compound and if necessary a surfactant to water-compat-
ibilise a prepolymer of a molecular weight of less than 10,000 containing isocyanate groups obtained by reacting an
empirical excess of a multifunctional isocyanate compound with a chain-extension agent, followed by reaction with
water and/or a chain-extension agent in the aqueous phase to increase the molecular weight, etc., can be adopted. In
the case of the latter method, the resin can be water-compatibilised at the same time that it is made.
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Water-compatibilised polyurethane resins are also available as commercial products. Examples of commercial
products which can be employed to advantage include,

Takelac W610 (trade name, Takeda Chemical Industries; break elongation 320%),
Takelac W710 (trade name, Takeda Chemical Industries; break elongation 510%),
U-coat UX-4300 (trade name, Sanyo Chemical Industries; break elongation 400%),
U-coat UX-4560 (trade name, Sanyo Chemical Industries, break elongation 270%)
Spensol L-52 (trade name, Dainippon Ink & Chemicals; break elongation 480%)
Neorec R960 (trade name, "Zenekarejinzu"; break elongation 200%), and

Olester UD100N (trade name, Mitsui Toatsu Chemicals; break elongation 250%), etc.

Water-based paint compositions of the present invention include resins selected from the aforementioned water-
compatibilised modified polyolefin resins of Component (A), aforementioned water-compatibilised acrylic resins of
Component (B) and water-compatibilised polyurethane resins of Component (C), and embraces compositions including
only a water-compatibilised modified polyolefin resin of Component (A) and a water-compatibilised acrylic resin of
Component (B), as well as compositions in which a water-compatibilised polyurethane resin of Component (C) is further
included.

The quantities of each of the components contained in the water-based paint compositions of the present invention,
as resin components relative to the total quantity of resin solids, are: water-compatibilised modified polyethylene resin
(A) 25-70 wt%, and preferably 30-60 wi%, the sum of water-compatibilised acrylic resin (B) and water-compatibilised
polyurethane resin (C) 30-75 wi%, and preferably 40-70 wi%; and the ratio of Component (B) and Component (C) in
the resin solids, Component (B)/Component (C) = 100/0 - 50/50, and preferably 100/0 - 60/40.

With a content of Component (A) of less than 25 wt%, adhesion to plastic materials, and particularly to polypro-
pylene materials, will be weakened; and if it exceeds 70 wi% adhesion to topcoat paint films will be weakened.

It is difficult to regulate the structural flexibility and surface tackiness of water-compatibilised acrylic resins, and
since regulation is made easier by concurrent use of water-compatibilised polyurethane resins, concurrent use of a
water-compatibilised polyurethane resin is preferred.

Polyurethane resins have a small proportion of side chains relative to the main chain, and compared with acrylic
resins they have a close to linear structure and high flexibility and low surface tackiness are both easily achieved; on
the other hand, they are inferior in water-resistance because they have hydrolysable or highly hydrophillic bonds such
as ester bonds and ether bonds, etc., in the main chain. Consequently, when a water-compatibilised polyurethane
resin is used, the ratio of the water-compatibilised acrylic resin and the water-compatibilised polyurethane resin in the
mixture is restricted to the above range. If the inclusion of water-compatibilised polyurethane resin exceeds the above
range, the water-resistance and humidity-resistance of the paint film will be lowered.

Water-based paint compositions of the present invention can be used as non-curing paints with no curing agent
included, but preferably a curing agent is included and they are cured by means of the curing agent.

Curing agents which can be employed in the present reaction are curing agents which will react with the functional
groups in the water-compatibilised acrylic resin toform a cured paint film. Specifically, water-soluble or water-dispersible
water-based curing agents such as oxazoline type curing agents, amine type curing agents, epoxy type curing agents
or amino resins, etc., can be employed. Preferred combinations of acrylic resin functional groups and curing agents
are listed below.

(1) Carboxyl groups and an oxazoline type curing agent;
(2) Carboxyl groups and an epoxy type curing agent;

(3) Carbonyl groups and an amine type curing agent;
(4) Epoxy groups and an amine type curing agent;

(5) Hydroxyl groups and an amino resin.

Incidentally, when the aforementioned polyolefin resin includes carboxyl groups, or the polyurethane resin includes
functional groups such as carboxyl groups or hydroxyl groups, etc., these functional groups, like the functional groups
of the acrylic resin, also participate in crosslinking reactions in the combinations listed above.

As aforementioned oxazoline type curing agents, compounds having at least 2 oxazoline groups per molecule can
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be employed. Examples of such curing agents available as commercial products include Epocross K-1000 series and
"Epocross K-2000 series (all trade names of Nippon Shokubai; acrylic resins in aqueous dispersion containing oxazo-
line groups), etc., and these can be employed to advantage.

As aforementioned amine type curing agents, polyamine compounds having at least 2 active amino groups or
imino groups per molecule, or hydrazine compounds having at least 2 hydrazine groups per molecule, etc., can be
employed. As aforementioned polyamine compounds, compounds having an amino value in the range 100-2000 are
preferred: compounds with an amino value of less than 100 are highly toxic and difficult to use, and if the amino value
exceeds 2000 it is difficult to obtain adequate paint film curing. Water-compatibilised polyamine compounds are avail-
able commercially, and these can be employed to particular advantage. Examples of these include "Aquatote 8535
(trade name, Rhéne-Poulenc; modified polyamidoamine with an amino value of 102), Fujicure FX-S913 (trade name,
Fuji Chemical Industries; modified aliphatic polyamine type curing agent with an amino value of 210), Polimento KX-
CK-200 (trade name, Nippon Shokubai; amino-modified acrylic resin with an amino value of 1900), etc.

As aforementioned hydrazine type compounds, hydrazides of dibasic acids such as succinic acid dihydrazide,
adipic acid dihydrazide, sebacic acid dihydrazide and isophthalic acid dihydrazide, etc., aliphatic dihydrazine com-
pounds such as ethylene-1,2-dihydrazine, propylene-1,3-dihydrazine and butylene-1,4-dihydrazine, etc., and 1,3-bis
(hydrazinocarboethyl)-5-isopropylhydrantoin, etc., can be cited. Of these, water-soluble succinic acid dihydrazide, ad-
ipic acid dihydrazide, and 1,3-bis-(hydrazinocarboethyl)-5-isopropylhydrantoin can be used to particular advantage.
Aqueous dispersions of carbonylgroup-containing acrylic resins compounded with hydrazine compounds are also avail-
able commercially, and can be employed to advantage. Examples of these include the Acronal series (Products of
Mitsubishi Petrochemical Badische], etc.

The aforementioned epoxy type curing agents are compounds containing at least 2 epoxy groups per molecule,
and include Novolak type epoxy resins and hydrogenated forms thereof and bisphenol A type epoxy resins synthesised
from polyvalent phenol compounds, glycidyl ether type epoxy-group-containing compounds synthesised from polyva-
lent alcohols, glycidyl ester type epoxy-group-containing compounds synthesised from polyvalent carboxylic acids,
and epoxyethyl type or cyclic oxirane type multifunctional epoxy type compounds synthesised by oxidising unsaturated
double bonds with peroxide compounds. Of these, epoxy type curing agents which are water-soluble, water-dispersible
or self dispersing in water are easiest to deal with, and can be employed to particular advantage. As commercial
products, Aquatot 510 (trade name, Rhone Poulenc; bisphenol A type epoxy resin, epoxy equivalent 200 g), Aquatote
3520 (trade name, Rhéne Poulenc; bisphenol Atype epoxy resin, epoxy equivalent 525 g), Aquatote 5003 (trade name,
Rhéne Poulenc; multifunctional epoxy resin, epoxy equivalent 205 g),

Denacol EX-611 (trade name, Nagase Chemical Industries; sorbitol polyglycidyl ether, epoxy equivalent 170 g),
and Denacol EM-125 (trade name, Nagase Chemical Industries; epoxycresol plaque emulsion, epoxy equivalent 909
g), etc.

Aforementioned amino resins include compounds in which methylol groups obtained by adding formaldehyde to
melamine, guanamine or urea are etherified by an alcohol, etc. Numerous types of amino resin differing in the quantity
of formaldehyde added, the type of alcohol used for etherification, the degree of etherification and the degree of con-
densation are available commercially. Of these, methylated melamine resins etherified with methanol and having a
small degree of condensation are readily water-compatibilised, and can be used to advantage. Specifically, Cymel
300, Cymel 303 and Cymel 327 (all trade names of Mitsui Cyanamid), and "Nikarakku" Nicalac MW-30, Nicalac MW-
22 and Nicalac MW-24 (all trade names of Sanwa Chemical KK), etc., can be cited.

It is desirable that the quantity of curing agent included be adjusted so that the quantity of functional groups in the
curing agent is in the range 0.2-3.0 mol/mol, and preferably 0.5-2.0 mol/mol, relative to the number of molecules as
functional groups in Components (A)-(C) which can react with the curing agent. Outside this range it becomes difficult
o obtain satisfactory cured paint films.

If a cured paint film is formed by including one of the curing agents above, the flexibility of the paint fiim will be
lowered; but because of considerable benefits in terms of suppressing surface tackiness, it becomes easy to regulate
the two. Consequently, by concurrent use of a curing agent, the flexibility and surface tackiness of the paint film can
be regulated. As mentioned previously, the petrol/alcohol resistance of the paint film is raised by concurrent use of a
curing agent.

Water will be employed as the dispersion medium for the water-based paint compositions of the present invention,
but small quantities of organic solvents can also be used alongside water. Organic solvents may be employed as
required for the purposes of regulating the surface tension of the paint, eliminating bubbles, and aiding film formation,
etc., and can normally be employed at no more than 15 wt%, and preferably in a range of 3-15 wi%. The unnecessary
use of large quantities of organic solvent is undesirable for the purposes of the present invention.

There are no particular restrictions as to the types of organic solvent that can be employed, but water-soluble
organic solvents such as methanol, ethanol, isopropyl alcohol, acetone, N-methyl- mpyrrolidone, methyl cellosolve,
butyl cellosolve and butyl carbitol, etc., can be employed to advantage.

Ultraviolet absorbing agents, photostabilizers, levelling agents, flow-regulating agents, anti-foaming agents, plas-
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ticizers, usual pigments, conductive pigments and pigments dispersants or curing catalysts, etc., can also be included
as required in water-based paint compositions of the present invention.

Water-based paint compositions of the present invention can be made by mixing the aforementioned essential
components and other components included as required, in water or a mixed solution of water and an organic solvent.

Water-based paint compositions of the present invention can be employed as paints in particular for plastic mate-
rials, and are particularly suitable for employment as primers. When employed as primers they have both excellent
adhesion to the plastic material and also excellent adhesion to topcoat paint films.

As plastic materials which can be painted, a wide variety of materials can be cited, such as polypropylene materials,
polyamide materials, poly(butylene terephthalate) materials, unsaturated polyester materials, polyurethane materials,
acrylic materials, poly(phenylene oxide) materials, and materials of polyolefins other than polypropylene, etc.; but of
these polypropylene materials are preferred.

As for painting with the water-based paint compositions of the present invention, cured paint films can be formed
by painting the water-based paint composition onto a plastic material, followed by natural or forced drying, or curing
drying. When used as primer paints, complete paint films can be formed by painting onto plastic material and natural
or forced drying or curing drying, followed by painting a topcoat paint and heat curing. If required, an undercoat paint
film can be formed between the primer paint film and the topcoat paint film. There are no particular restrictions as to
the painting method, but spraying or rotational fogging are preferred.

By painting in this manner, adhesion to the plastic material and the topcoat paint film will be excellent, and moreover
a paint film of excellent water resistance, humidity resistance and petrol resistance can be formed.

The thickness of the paint film formed is desirably in the range 3-40 um, and preferably 5-20 um.

As shown above, water-based paint compositions of the present invention include specific quantities of specific
water-compatibilised modified polyolefin resins, water-compatibilised acrylic resins and water-compatibilised poly-
urethane resins, and thus have excellent adhesion to plastic materials, and allow the material to be degreased and
cleaned by washing with water, and form paint films of excellent water resistance, humidity resistance and petrol re-
sistance.

Also, with the painting method of the present invention, paint films which have excellent adhesion to plastic ma-
terials, and also have excellent water resistance, moisture resistance and petrol resistance can be easily formed by
using the above water-based paint film compositions, the quantity of organic solvents employed can be decreased,
and moreover degreasing and cleaning using 1,1,1-trichloroethane becomes unnecessary.

Moreover, with paint films of the present invention, paint films are obtained which have excellent adhesion to plastic
materials, water resistance, humidity resistance and petrol resistance, since they are formed from the above water-
based paint compositions.

Below, the present invention will be explained in more detail by means of embodiments and comparison examples,
but the present invention is not restricted in any way by these examples. In the examples, parts signify parts by weight,
and percentages are percentages by weight.

Preparation Example 1: Preparation of Water-Compatibilised Modified Polyolefin Resin A-1

40 parts maleic-anhydride-modified chlorinated polypropylene resin (degree of chlorination 20.2%; saponification
value 32.4 mg KOH/g; number average molecular mass 12,800) and 60 parts toluene were added to a flask, and
agitated with a homogeniser/disperser as the temperature was raised to 80°C to completely dissolve the resin. Then,
4.0 parts triethylamine and 20 parts butyl cellosolve were added, to obtain Modified Polyolefin Resin Solution A,.

250 parts deionised water were put into a circulating type line mixer having a hopper tank provided with a thermo-
stat, a mixer, a decreased pressure reflux device, and circulated slowly as the temperature was raised to 60°C. After
raising the temperature, the stirrer was regulated to a speed of 3000 rpm and the line mixer was regulated to 12,000
rom, and all of the above Modified Polyolefin Resin Solution A, was added over 1 hour while evaporating off the toluene
under decreased pressure. By subsequent further concentration under decreased pressure, Water-Compatibilised
Polyolefin Resin A-1 (solids 24.8%; mean particle size 0.2 um; content of organic solvent (butyl cellosolve) 10.2%)
was obtained.

Preparation Example 2: Preparation of Water-Compatibilised Modified Polyolefin Resin A-2

20 parts of maleic-anhydride-modified chlorinated polypropylene resin (1) (degree of chlorination 25%; saponifi-
cation value 18 mg KOH/g; number average molecular mass 20,100) and 20 parts of maleic-anhydride-modified chlo-
rinated polypropylene resin (2) (degree of chlorination 21.8%; saponification value 38.2 mg KOH/g; number average
molecular mass 9800) and 50 parts toluene were added to a flask, and agitated with a homogeniser/disperser as the
temperature was raised to 80°C to completely dissolve the resin. Then, 3.0 parts triethylamine, 0.6 parts ammonium
dodecylbenzenesulphonate and 20 parts butyl cellosolve were added, to obtain Modified Polyolefin Resin Solution A,.
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230 parts deionised water were put into a line mixer as in Preparation Example 1, and circulated as the temperature
was raised to 60°C. After raising the temperature, the stirrer was regulated to a speed of 3000 rpm and the line mixer
was regulated to a speed of 12,000 rpm, and all of the above Modified Polyolefin Resin Solution A, was added over
1 hour while evaporating off the toluene under decreased pressure. By subsequent further concentration under de-
creased pressure, Water-Compatibilised Polyolefin Resin A-2 (solids 25.2%; mean particle size 0.2 pm; content of
organic solvent (butyl cellosolve) 8.8%) was obtained.

Preparation Example 3: Preparation of Water-Compatibilised Modified Polyolefin Resin A-3

300 parts of a 10% toluene solution of a maleic-acid-modified ethylene/propylene copolymer (degree of chlorination
0%, saponification value 54.0 mg KOH/g; number average molecular mass 22,800) and 10 parts of maleic-anhydride-
modified polypropylene resin (degree of chlorination 0%, saponification value 38.6 mg KOH/g; number average mo-
lecular mass 4980) were added to a flask provided by a decreased pressure reflux device and a stirrer, and stirred as
the temperature was raised to 100°C to bring about complete solution. After dissolving, the toluene was evaporated
under decreased pressure to concentrate to 35% solids. Then 3.6 parts triethylamine, 0.8 parts ammonium poly(ox-
yethylene) nonylphenyl ether sulphate (mean 4.2 mols added ethylene oxide) and 30 parts butyl cellosolve were added
to obtain Modified Polyolefin Resin Solution A,

400 parts deionised water were put into a line mixer as in Preparation Example 1, and slowly circulated as the
temperature was raised to 80°C. After raising the temperature, the speed of the stirrer was regulated to 3000 rpm and
the speed of the line mixer to 12,000 rpm, and all of Modified Polyolefin Resin Solution Az above was added over 2
hours, with the toluene being evaporated off under decreased pressure. By subsequent concentration under decreased
pressure, Water-Compatibilised Modified Polyolefin Resin A-3 (solids 22.8%; mean particle size 0.3 um; content of
organic solvent (butyl cellosolve) 9.8% was obtained.

Comparison Preparation Example 1 : Preparation of Water-Compatibilised Modified Polyolefin Resin a-4

40 parts of a maleic-anhydride-modified chlorinated polypropylene resin (degree of chlorination 40%; saponifica-
tion value 8 mg KOH/g; number average molecular mass 12,800) and 40 parts toluene were added to a flask, and
agitated in a homogeniser/disperser while the temperature was raised to 60°C, to completely dissolve the resin. Then
1.0 part triethylamine, 4.4 parts poly(oxyethylene) nonylphenyl ether (average 20 mols added ethylene oxide) and 20
parts butyl cellosolve were added to obtain Modified Polyolefin Resin Solution ay.

200 parts deionised water were put into the same line mixer as in Embodiment 1, and slowly circulated as the
temperature was raised to 60°C. After raising the temperature, the speed of the stirrer was regulated to 3000 rpm and
the speed of the line mixer to 12,000 rpm, and all of the above Modified Polyolefin Resin Solution a, was added over
1 hour, with the toluene being evaporated off under decreased pressure. By subsequent concentration, Water-Com-
patibilised Modified Polyolefin Resin a-4 (solids 25.0%; mean particle size 0.2 um; content of organic solvent (butyl
cellosolve) 10.1%) was obtained.

Comparison Preparation Example 2

Preparation of Water-Compatibilised Modified Polyolefin Resin a-5

40 parts of a maleic-anhydride-modified chlorinated polypropylene resin (degree of chlorination 19.5%; saponifi-
cation value 25 mg KOH/g; number average molecular mass 3100) and 20 parts toluene were added to a flask, and
agitated in a homogeniser/disperser while the temperature was raised to 60°C, to completely dissolve the resin. Then
1.4 parts triethylamine, 0.8 parts ammonium dodecylbenzenesulphonate and 20 parts butyl cellosolve were added, to
obtain Modified Polyolefin Resin Solution ag.

200 parts deionised water were put into the same line mixer as in Embodiment 1, and slowly circulated as the
temperature was raised to 60°C. After raising the temperature, the speed of the stirrer was regulated to 3000 rpm and
the speed of the line mixer to 12,000 rpm, and all of the above Modified Polyolefin Resin Solution a; was added over
1 hour, with the toluene being evaporated off under decreased pressure. By subsequent concentration, Water-Com-
patibilised Modified Polyolefin Resin a-5 (solids 25.6%; mean particle size 0.2 um; content of organic solvent (butyl
cellosolve) 7.2%) was obtained.

Preparation Examples 4-6: Preparation of Water-Compatibilised Acrylic Besins B-1 to B-3

Water-compatibilised acrylic resins B-1 to B-3 were prepared by the method below.
150 parts deionised water, 0.5 parts of an anionic surfactant (ammonium poly(oxyethylene) nonylphenyl ether
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sulphate; average 4.2 mols added ethylene oxide) and 0.1 parts sodium tartrate dihydrate were put into a 4-mouthed
flask provided with a thermometer, reflux cooler and stirrer, stirred as the temperature was raised to 80°C, and held
under stirring for 1 hour.

Then, 0.9 part of the above anionic surfactant was added to 100 parts of monomer mixture (1) recorded in Table
1, agitated in a homogeniser/disperser while 70 parts deionised water were added, and held for 1 hour to obtain an
emulsion. 10 parts of this emulsion and 10% of 3.0 parts of 10% agueous ammonium persulphate solution were put
into a flask, and then the remainder of the emulsion and of the 10% agueous ammonium persulphate solution were
added dropwise over 1 hour, and held for 2 hours. After adjusting the water-compatibilised acrylic resin obtained to pH
7-8 using 10% ammonia water, it was adjusted to 30% solids by adding deionised water, to obtain Water-Compatibilised
Acrylic Resins B-1 to B-3.

Preparation Examples 7-8: Preparation of Water-Compatibilised Acrylic Besins B-4 to B-5

Water-compatibilised acrylic resins B-4 to B-5 were prepared by the method below.

150 parts deionised water, 0.5 parts of an anionic surfactant (ammonium poly(oxyethylene) nonylphenyl ether
sulphate; average 5 mols added ethylene oxide) and 0.1 parts sodium tartrate dihydrate were put into a 4-mouthed
flask provided with a thermometer, reflux cooler and stirrer, stirred as the temperature was raised to 80°C, and held
under stirring for 1 hour.

Then, 0.72 parts of the above anionic surfactant were added to 80 parts of monomer mixture (1) recorded in Table
2 and agitated in a homogeniser/disperser while 56 parts deionised water were added; agitation was continued for a
further 1 hour to obtain an emulsion. 8 parts of this emulsion and 10% of 2.4 parts of 10% agueous ammonium per-
sulphate solution were put into a flask, and then the remainder of the emulsion and of the 10% agqueous ammonium
persulphate solution were added dropwise over 1 hour, and held for 2 hours, to obtain core particles.

Moreover, 0.18 parts of the above anionic surfactant were added to 20 parts of a monomer mixture (2) recorded
in Table 2, agitated in a homogeniser/disperser as 14 parts deionised water were added, and held for 1 hour to obtain
an emulsion. The emulsion obtained and 0.6 part of 10% agueous ammonium persulphate were added separately
dropwise over 30 minutes, and held for 2 hours. Then, after adjusting to pH 7-8 by adding ammonia water, the solids
content was adjusted to 30% by adding deionised water, to obtain core/shell type Water-Compatibilised Acrylic Resins
B-4 to B-5.

Comparison Preparation Example 3: Preparation of Water-Compatibilised Acrylic Resin b-6

Water-Compatibilised Acrylic Resin b-6 was obtained from monomer mixture (1) recorded in Table 1 by the same
method as the method for preparing Water-Compatibilised Acrylic Resins B-1 to B-3 of Preparation Examples 4-6.

Comparison Preparation Example 4: Preparation of Water-Compatibilised Acrylic Resin b-7

Water-Compatibilised Acrylic Resin b-7 was obtained by the same method as the method of Comparison Prepa-
ration Example 3, except that the total quantity of anionic surfactant employed was 5.5 parts.

Table 1
Preparation Example
4 5 6
Water-compatibilised acrylic resin B-1 B.2 B-3
Monomer mixture (1)
Styrene 22.0 16.0 4.9
n-Butyl acrylate 64.0 64.8 72.4
Methyl methacrylate 10.0 10.0
Acrylic acid 7.2
Acrolein
Glycidyl methacrylate
2-Hydroxyethyl acrylate 20.7
Acrylamide 2.0 2.0 2.0
Diethylene glycol 2.0

10
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Table 1 (continued)
Preparation Example
4 5 6
Water-compatibilised acrylic resin B-1 B.2 B-3
Monomer mixture (1) ]
dimethacrylate
Total 100.0 100.0 100.0
Glass transition temp. (°C) | 02| 88| -388 |
Functional groups
Functional groups - -COOH -OH
Equivalent wt. (g/Equiv.) - 1000 560
Quantity of surfactant relative to total quantity of monomers (wit%) 1.4 1.4 1.4

Table 2
Preparation example | Comparison example
7 8 3 4
Water-compatibilised acrylic resin B-4 B-5 b-6 b-7
Monomer mixture (1)
Styrene 16.0 3.0 28.0 28.0
n-Butyl acrylate 535 67.3 21.5 21.5
Methyl methacrylate 51 1.6 27.8 27.8
Acrylic acid
Acrolein 3.4
Glycidyl methacrylate 6.1
2-Hydroxyethyl acrylate 20.7 20.7
Acrylamide 2.0 2.0 2.0 2.0
Diethylene glycol
dimethacrylate
Sub-total 80.0 80.0 100.0 100.0
Monomer mixture (2)
Styrene 22
n-Butyl acrylate 13.0 16.3
Methyl methacrylate 1.6
Acrolein 22
Glycidyl methacrylate 3.0
Acrylamide 1.0 0.7
Sub-total 20.0 20.0 0 0
Total 100.0 100.0 100.0 100.0
Glass transition temp. (°C) -18.8 -39.2 255 255
Functional groups
Functional groups -CO epoxy -OH -OH
Equ. wt. (g/Equiv) 1000 1560 560 560
Quantity of surfactant relative relative to total monomers (wt%) 1.4 1.4 55

11
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Table 3

Type of primer paint

P-1 P-2 P-3
Primer paint composition (parts by weight)
Resin solids composition (1)
Component (A) type A-1 A-1 A-1
Modified polyolefin resin amount 60 50 40
Component (B) type B-1 B-2 B-4
Acrylic resin amount 40 30 52.0
Component (C) type - 2) -
Polyurethane resin amount - 20 -
Curing agent component | type - - 3)
amount - - 8.0
Resin solids (total) 100 100 100
Pigment amount 50 50 50
Deionised water amount 300 300 300
Organic solvent amount 50 50 50
Resin solids ratio (B)/(C) 100/0 | 60/40 | 100/0
Curing agent functional groups X - - -NH,
Functional groups in (A)-(C) - - -CO
reacting with X
X/Y mol ratio - - 0.7
Table 4
Type of primer paint
P-4 P-5
Primer paint composition (parts by weight)
Resin solids composition (1)
Component (A) type A-2 A-3
Modified polyolefin resin amount 50 65
Component (B) type B-4 B-5
Acrylic resin amount 48.0 32.0
Component (C) type - -
Polyurethane resin amount - -
Curing agent component type 4) 5)
amount 20 3.0
Resin solids (total) 100 100
Pigment amount 50 50
Deionised water amount 300 300
Organic solvent amount 50 50
Resin solids ratio (B)/(C) 100/0 100/0
Curing agent functional groups X HoN-NH HoN-NH
Functional groups in (A)-(C) -CO epoxy

12
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Table 4 (continued)

Type of primer paint
P-4 P-5

reacting with X
X/Y mol ratio 1.0 1.2

1) Amounts included are expressed as solids

2) Takelac W610 (trade name, Takeda Chemical Industries; dispersed polyurethane resin; break elongation
390%,; acid value 20 mg KOH/g; solids 35%)

3) Aquatote 8535 (trade name, Rhdne-Poulenc; water-soluble polyamidoamine; amino value 102; solids 50%)

4) Adipic acid dihydrazide

5) Amicure VDH (trade name, Ajinomoto KK; chemical name 1,3-bis(hydrazinocarboethyl)-5-isopropyl-hydran-

toin; water-soluble; solids 100%)

2) Preparation of test pieces

(Plastic materials)

Polyamide (abbreviation PA): 1013 RW-1 (trade name, Ube Industries)

Poly(butylene terephthalate) (abbreviation PBT): 5201X11 (trade name, Toray)

Unsaturated polyester (abbreviation SMC) : N12 (trade name, Takeda Chemical Industries)

Polyurethane (abbreviation PU): Elastolan RVP-2002 (trade name, Takeda Badische Urethane Industries)

Polycarbonate (abbreviation PC): lupilon MB-2201 (trade name, Mitsubishi Gas Chemical)

High-rigidity polypropylene (abbreviation PP-A): TX-933A (trade name, Mitsubishi Petrochemical)

Soft type polypropylene (abbreviation PP-B): TT-2024 (trade name, Mitsubishi Petrochemical)

After washing with a common neutral household detergent, the above plastic materials were rinsed with tap water
to completely remove the detergent. They were then washed with deionised water and dried at 60°C before being
painted.

The water-based primer paints of Embodiments 1-13 were spray painted onto the different plastic materials to give
a dry paint film thickness of approximately 15 um in the combinations of water-based primer paints and plastic materials
recorded in Table 5, and dried for 10 minutes at 80°C. Then, as topcoat paint, Plymac PMH-100 Basecoat (registered
trade mark of Nippon Oil & Fats; 2-liquid urethane type paint) was sprayed on to give a dry film thickness of approxi-
mately 18 um and left to dry at room temperature for 3 minutes, followed by spray painting with Plymac PMH-220 Clear
(registered trade mark Nippon Oil & Fats; 2-liquid urethane type paint) to give a dry film thickness of approximately 30

pum, leaving to dry at room temperature for 10 minutes, and then baking at 80°C for 40 minutes, to give the test pieces.

3) Methods for testing paint film performance

(Adhesion)

Evaluated on the basis of the number of squares in which paint remained without being peeled off when a
100-square matrix was made by scoring 11 horizontal and vertical lines at 1-mm intervals through to the material with
a cutter knife, and then a cellophane sticky tape was firmly attached and peeled off in a single pull (according to JIS
K5400 (1990) 8.5.2: "Cross-hatch tape method"), using the criteria below.

Remaining squares i Evaluation
100 O Good
99-80 A Poor
80-0 X Very poor
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(Petrol resistance)
| The test piece was immersed for 30 minutes in high-octane petrol at room temperature.
Il (Petrol/alcohol resistance) : The test piece was immersed for 30 minutes in a liquid mixture comprising 95 parts

regular petrol and 5 parts ethanol at room temperature.

Inboth land I, the presence of blistering and peeling of the paint film were evaluated by the criteria below (according
to JIS K5400 (1990) 8.24 "Resistance to volatile oils").

O Good : No blistering or peeling of the paint film
A Poor : Blistering of the paint film
X Very poor : Peeling of the paint film

(Bending resistance)

The test piece was cooled to -20°C, and after bending through 180° around a 50-mm diameter cylinder with the
painted surface on the outside, the state of the painted surface was observed and evaluated by the criteria below
(according to JIS K5400 (1990) 8.1 "Bending resistance")

O Good : No cracks in the paint film
A Poor : Cracks in the paint film
X Very poor : Cracks through to the material

(Impact resistance)

The test piece was cooled to -20°C and gripped in an impact mould of radius 6.35 mm with the paint surface facing
upward, using a Dupont type impact tester; damage to the paint film when a 500 g weight was dropped from a height
of 20 cm was observed visually, and assessed by the criteria below (JIS K5400 (1990) 8.3.2 "Dupont")

O Good : No cracking of the paint film
A Poor : Cracks of the paint film
X Very Poor : Cracks through to the material

(Water resistance)

After immersion for 120 hours in deionised water at 40°C, the paint film was checked for blistering, and evaluated
by the criteria below (according to JIS K540 (1990) 8.19 "Water resistance").

O Good : No marked change noticeable in the paint film
A Poor : Blistering (diam. 20.2 mm) noted in the paint film
X Very poor : Considerable number of blisters (diam. 0.2 mm) noted in the paint film (=3/cm?2)

(Humidity resistance)

The test piece was checked for blistering after 120 hours in a closed vessel at temperature 50 £ 1°C and relative
humidity _98%. The criteria of evaluation were the same as for water-resistance above (according to JIS K5400 (1990)
9.2.2. (rotating type)).

(Primer surface tackiness)
Evaluated by touching the surface of the dry primer paint film with the finger.

The paint film performance of each of the test pieces was evaluated by the test methods and criteria of evaluation
above. The results are shown in Table 5.

14
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Embodiments 14-27

1) Preparation of Water-Based Primer Paints P-6 to P-10

Water-Based Primer Paints were prepared by the same method as in Embodiments 1-13, based on the primer

paint compositions shown in Table 6 and Table 7.

Table 6

Type of primer paint

P-6 P-7 P-8
Primer paint composition (parts by weight)
Resin solids composition (1)
Component (A) type A-1 A-2 A-2
Modified polyolefin resin amount 30 30 25
Component (B) type B-2 B-2 B-2
Acrylic resin amount 46.0 440 55.0
Component (C) type 6) 8) -
Polyurethane resin amount 115 18.9 -
Curing agent component | type 7) 9) 10)
amount 125 71 20.0
Resin solids (total) 100 100 100
Pigment amount 50 50 50
Deionised water amount 300 300 300
Organic solvent amount 50 50 50
Resin solids ratio (B)/(C) 80/20 70/30 100/0
Curing agent functional groups X epoxy epoxy | oxazo line
Functional groups in (A)-(C) -COOH | -COOH -COOH
reacting with X
X/Y mol ratio 0.8 0.6 0.5
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Table 7

Type of primer paint
P-9 P-10

Primer paint composition (parts by weight)
Resin solids composition (1)

Component (A) type A-1 A-2
Modified polyolefin resin amount 35 40
Component (B) type B-3 B-1
Acrylic resin amount 38.5 60
Component (C) type 11) -
Polyurethane resin amount 16.5 -
Curing agent component type 12) -
amount 10.0 -
Resin solids (total) 100 100
Pigment amount 50 50
Deionised water amount 300 300
Organic solvent amount 50 50
Resin solids ratio (B)/(C) 70/30 100/0
Curing agent functional groups X -0C2Hs -
Functional groups in (A)-(C) -OH -
reacting with X
X/Y mol ratio 1.6 -

(Notes on Table 6 and Table 7)

6) U-coat UX-4560 (trade name, Sanyo Chemical
Industries; polyurethane resin aqueous dispersion;
break elongation 270%; acid value 34 mg KOH/g;
solids 30%)

7) Aquatote 510 (trade name, Rhéne-Poulenc; bisphenol A
type epoxy resin; epoxy equivalent 200 g; water-
dispersible; solids 100%)

8) Neorek R960 [trade name, Zenekarejinzu KK;
polyurethane resin aqueous dispersion; break
elongation 200%; acid value 30 mg KOH/g; solids 33%)

17



10

15

20

25

30

35

40

45

50

55

EP 0 700 424 B1

9) Denacol EX-611 (trade name, Nagase Chemical
Industries; sorbitol glycidyl ether; epoxy
equivalent 170 g; water soluble; solids 100%)

10) Epocross CX-K2020E (trade name, Nippon Shokubai;
acrylic resin aqueous dispersion; oxazoline group
equivalent 600 g; solids 40%)

11) U-coat UX-4300 (trade name, Sanyo Chemical
Industries, polyurethane aqueous dispersion; break
elongation 400%; acid value 20 mg KOH/g; solids 40%)

12) Cymel 327 (trade name, Mitsui Cyanamid; methylated
melamine resin; water dispersible; solids 90%)

2) Making test pieces

The materials were cleaned before painting as in Embodiments 1-13, with the addition to the plastic materials of
ultra-high rigidity polypropylene (abbreviation PP-C): TX-1180 (trade name, Mitsubishi Petrochemical).

The water-based primer paints of Embodiments 14-27 were spray painted onto different plastic materials in the
combinations of water-based primer paint and plastic material recorded in Table 8, to give a dry film thickness of
approximately 15 um, and dried at 80°C for 10 minutes. Then, as a topcoat paint, Plymac No. 5500 basecoat (registered
trade mark of Nippon Oil & Fats; acrylic polyol/melamine resin cured 1-liquid paint) was spray painted on to give a dry
film thickness of approximately 18 um and stood for 3 minutes at room temperature, followed by spray painting with
Plymac No.5500 clear (registered trade mark of Nippon Oil & Fats; acrylic polyol/melamine resin cured 1-liquid paint)
to give a dry film thickness of approximately 30 um, standing at room temperature for 10 minutes, and baking at 120°C
for 40 minutes, to give the test pieces.

3) Methods for testing paint film performance

The paint film performance of each of the test pieces was evaluated by the same test methods and criteria of
evaluation as in Embodiments 1-13. The results are shown in Table 8.
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1) Preparation of Water-Based Primer Paints P-11 to P-19

Water-Based Primer Paints P-11 to P-19 were prepared by the same method as in Embodiments 1-13, based on
the primer paint compositions shown in Table 9 to Table 11.

Table 9
Type of primer paint
P-11 P-12 P-13
Primer paint composition (parts by weight)
Resin solids composition 1)
Component (A) type A-1 A-2 a-4
Modified polyolefin resin amount 20 50 40
Component (B) type B-1 B-2 B-4
Acrylic resin amount 80 15 52.0
Component (C) type - 2) -
Polyurethane resin amount - 35 -
Curing agent component | type - - 3)
amount - - 8.0
Resin solids (total) 100 100 100
Pigment amount 50 50 50
Deionised water amount 300 300 300
Organic solvent amount 50 50 50
Resin solids ratio (B)/(C) 100/0 | 30/70 | 100/0
Curing agent functional groups X - - -NH,
Functional groups in (A)-(C) - - -CO
reacting with X
X/Y mol ratio - - 0.7
Table 10
Type of primer paint
P-14 P-15 P-16
Primer paint composition (parts by weight)
Resin solids composition (1)
Component (A) type a-5 A-1 A-1
Modified polyolefin resin amount 50 50 50
Component (B) type B-2 B-2 B-2
Acrylic resin amount 30 30 30
Component (C) type 2) 13) 14)
Polyurethane resin amount 20 20 20
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Table 10 (continued)
Type of primer paint
P-14 P-15 P-16
Primer paint composition (parts by weight)
Resin solids composition (1)
Curing agent component type - - -
amount - - -
Resin solids (total) 100 100 100
Pigment amount 50 50 50
Deionised water amount 300 300 300
Organic solvent amount 50 50 50
Resin solids ratio (B)/(C) 60/40 60/40 | 60/40
Curing agent functional groups X - - -
Functional groups in (A)-(C) reacting with X - - -
X/Y mol ratio - - -
Table 11
Type of primer paint
P-17 P-18 P-19
Primer paint composition (parts by weight)
Resin solids composition (1)
Component (A) type A-1 A-1 A-1
Modified polyolefin resin amount 50 50 50
Component (B) type b-6 b-7 -
Acrylic resin amount 50 30 -
Component (C) type - 2) 2)
Polyurethane resin amount - 20 50
Curing agent component type - - -
amount - - -
Resin solids (total) 100 100 100
Pigment amount 50 50 50
Deionised water amount 300 300 300
Organic solvent amount 50 50 50
Resin solids ratio (B)/(C) 100/0 60/40 0/100
Curing agent functional groups X - - -
Functional groups in (A)-(C) - - -
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Table 11

(continued)

Type of primer paint

P-17

P-18

P-19

Primer paint composition (parts by weight)

Resin solids composition (1)

reacting with X
X/Y mol ratio

(Notes, Table 9 to Table 11)
1) Amounts included based on solids
2) See Table 3 2)
3) See Table 3 3)

13) Spensol L46 (trade name, Dainippon Ink & Chemicals; polyurethane resin aqueous dispersion; break elongation

650%; solids 33%)

14) Spensol L50 (trade name, Dainippon Ink & Chemicals; polyurethane resin aqueous dispersion; break elongation

100%; solids 30%)

2) Making test pieces

Test pieces were made by the same method as in Embodiments 1-13 except that only the propylene material
(abbreviation PP-A) used in Embodiments 1-13 was employed, being painted with the water-based primers shown in

Table 12.

3) Methods for testing paint film performance

Paint film performance was evaluated by the same test methods and criteria of evaluation as in Embodiments

1-13. The results are shown in Table 12.
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Claims

1.

5.

6.

Water-based paint composition characterized in that the resin component contains resins chosen from

(A) water-soluble or water-dispersible polyolefin resins modified with o, -unsaturated carboxylic acids or acid
anhydrids and having a saponification value of 10-60 mg KOH/g, a number average molecular mass of
4000-30000 and a degree of chlorination in the range of 0-30 wi%, and

(B) water-soluble or water-dispersible acrylic resins with a glass transition temperature of -50 to +20 °C, and

(C) water-soluble or water-dispersible polyurethane resins having a break elongation in the range of 200-600
% at 20 °C,

wherein the amount of component (A) is 25-70 wt % of the total quantity of resin solids, the amount of the sum of
component (B) and component (C) is 30-75 wt % of the total quantity of resin solids and the ratio by weight of resin
solids of component (B) and component (C) is 100 : 0 - 50:50.

Water-based paint composition according to claim 1 characterised in that component (B) has at least 1 type of
functional group chosen from a group comprising carboxyl groups, carbony! groups, epoxy groups and hydroxyl
groups, and that the equivalent weight of functional groups in component (B) is in the range of 500-2000 g/equiv-
alent weight, and that it further contains in addition to components (A) - (C) a water-soluble or water-dispersible
curing agent which reacts with the aforementioned functional groups.

Painting method characterised in that a water-based paint composition according to claim 1 or claim 2 is painted
onto a plastic material, and dried and/or cured.

Paint film characterised in that it is obtained by painting a water-based paint composition according to claim 1 or
claim 2, and drying and/or curing.

Use of water-based paint compositions according to claim 1 or 2 as primers for plastic material.

Use according to claim 5 characterized in that the plastic material is polypropylene.

Patentanspriiche

1.

WaBrige Beschichtungsmittel, dadurch gekennzeichnet, daf3 die Harzkomponente Harze enthalt, die ausgewahlt
sind aus

(A) wasserloslichen oder wasserdispergierbaren Polyolefinharzen, die mit o,3-ungesattigten Carbonsauren
bzw. Carbonsaureanhydriden modifiziert sind, eine Verseifungszahl von 10-60 mg KOH/g, ein zahlenmittleres
Molekulargewicht von 4000-30.000 und einen Chlorierungsgrad im Bereich von 0-30 Gew.-% aufweisen,

(B) wasserldslichen oder wasserdispergierbaren Acrylharzen mit einem Glaspunkt von -50 bis +20°C, sowie

(C) wasserldslichen oder wasserdispergierbaren Polyurethanharzen mit einer Bruchdehnung von 200-600%
bei 20°C,

wobei die Menge der Komponente (A) 25-70 Gew.-%, bezogen auf die Gesamimenge an Harzfeststoff, die Menge
der Summe aus Komponenten (B) und (C) 30-75 Gew.-%, bezogen auf die Gesamimenge an Harzfeststoff, und
das Gewichtsverhalinis der Komponenten (B) und (C), bezogen auf Harzfeststoff, 100:0 - 50:50 betragen.

WaBrige Beschichtungsmittel nach Anspruch 1, dadurch gekennzeichnet, daf3 die Komponente (B) mindestens
eine Art funktionelle Gruppe aufweist, die ausgewahlt ist aus einer Gruppe bestehend aus Carboxylgruppen, Car-
bonylgruppen, Epoxygruppen und Hydroxylgruppen, daB das Aquivalentgewicht der funktionellen Gruppen in
Komponente (B) im Bereich von 500-2000 g/Aquivalent liegt und daB sie neben den Komponenten (A)-(C) auBer-
dem ein wasserldsliches oder wasserdispergierbares Hartungsmittel enthalten, das mit den obengenannten funk-
tionellen Gruppen reagiert.
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3. Lackierverfahren, dadurch gekennzeichnet, daf3 ein Kunststofimaterial mit einem waBrigen Beschichtungsmittel
nach Anspruch 1 oder Anspruch 2 lackiert und getrocknet und/oder gehértet wird.

4. Lackfilme, dadurch gekennzeichnet, daf3 sie durch Lackieren mit einem waBrigen Beschichtungsmittel nach An-
spruch 1 oder Anspruch 2 und Trocknen und/oder Harten erhalten werden. .

5. Verwendung von wéaBrigen Beschichtungsmitteln nach Anspruch 1 oder Anspruch 2 als Grundierungen fur Kunst-
stoffmaterial.

6. Verwendungnach Anspruch 5, dadurch gekennzeichnet, dafB es sich bei dem Kunststoffmaterial um Polypropylen
handelt.

Revendications

1. Composition de peinture a base d'eau caractérisée en ce que le composant résine contient des résines choisies
parmi

(A) des résines de polyoléfine hydrosolubles ou dispersables dans I'eau modifiées avec des acides carboxy-
liques ou des anhydrides d'acide o, 3-insaturés et ayant un indice de saponification de 10-60 mg KOH/g, une
masse moléculaire moyenne en nombre de 4 000-30 000 et un degré de chloration dans la gamme de 0-30%
en poids, et

(B) des résines acryliques hydrosolubles ou dispersables dans I'eau ayant une température de transition vi-
treuse de -50 a +20°C, et

(C) des résines de polyuréthane hydrosolubles ou dispersables dans I'eau ayant un allongement & la rupture
dans la gamme de 200-600% a 20°C,

dans lesquelles la quantité du composant (A) est de 25-70% en poids de la quantité totale de matiéres solides de
résine, la quantité de la somme du composant (B) et du composant (C) est de 30-75% en poids de la quantité
totale de matiéres solides de résine et le rapport en poids de matiéres solides de résine entre le composant (B)
et le composant (C) est de 100:0 - 50:50.

2. Composition de peinture & base d'eau selon la revendication 1, caractérisée en ce que le composant (B) a au
moins 1 type de groupe fonctionnel choisi parmi un groupe comprenant des groupes carboxyle, des groupes
carbonyle, des groupes époxy et des groupes hydroxyle, et en ce que le poids équivalent de groupes fonctionnels
dans le composant (B) est dans la gamme de 500-2 000 g/poids équivalent, et en ce qu'elle contient en outre en
plus des composants (A)-(C) un agent de durcissement hydrosoluble ou dispersable dans I'eau qui réagit avec
les groupes fonctionnels susmentionnés.

3. Procédé de peinture caractérisé en ce qu'une composition de peinture a base d'eau selon la revendication 1 ou
la revendication 2 est peinte sur un matériau plastique, et séchée et/ou durcie.

4. Pellicule de peinture caractérisée en ce qu'elle est obtenue par peinture d'une composition de peinture & base
d'eau selon la revendication 1 ou la revendication 2, et séchage et/ou durcissement.

5. Utilisation de compositions de peinture a base d'eau selon la revendication 1 ou 2 en tant que primaires pour un
matériau plastique.

6. Ulilisation selon la revendication 5, caractérisée en ce que le matériau plastique est du polypropyléne.
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